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SOLID-STATE IMAGE PICKUP DEVICE AND DRIVING METHOD THEREFOR 

BACKGROUND OF THF. T WENT TON 
The present invention relates to a solid-state image 
pickup device and a driving method thereof, and particularly 
to a solid-state image pickup device in which amplifying means 
(column amplifier) is connected to each of vertical signal 
lines, and a driving method for removing noises thereof. 

Fig. 1 shows one of conventional solid-state image pickup 
devices as disclosed in U. S . Patent No. 5,345,266, for example. 
This solid-state image pickup device has such a basic 
construction that unit pixels 101 are two-dimensionally 
arranged in a matrix form and line selection is performed 
through vertical selection lines 103 by a vertical scan circuit 
102, and also it is further constructed so that a column 
amplifier 105 is connected to each vertical signal line 104, 
a pixel signal of each unit pixel 101 is accumulated in the 
column amplifier 105 on a line basis, and column selection is 
performed by a horizontal scan circuit 106 to output the pixel 
signal thus accumulated through a horizontal scan signal line 
107 and a sense amplifier 108. 

In the conventional solid-state image pickup device thus 
constructed, however, the dispersion of Vth (threshold value) 
of every pixel of an MOS transistor constituting each unit pixel 
101 is directly superposed on the output signal of the image 



- 1 - 



c 

t , 

pickup device. Since the Vth dispersion has a fixed value every 
pixel, a fixed pattern noise (FPN; fixed pattern noise) appears 
on the screen. 

In order to suppress the fixed pattern noise, it has been 
hitherto needed that a noise removing circuit using a frame 
memory is provided to the outside of the device in order to store 
one of the output signal (noise component) under the dark 
condition and the output signal (picture component) under the 
light condition into the frame memory every pixel in advance, 
and the subtraction between the signal thus stored and the other 
pixel signal is performed to remove the noise component due to 
the Vth dispersion. Accordingly, a camera system must be 
designed in a larger size by the amount corresponding to the 
external mount of the noise removing circuit using the frame 
memory. 

SUMMARY OF THE INVENTION 

The present invention has been implemented in view of the 
above problem, and has an object to provide a solid-state image 
pickup device which can suppress a fixed pattern noise in the 
device, and a driving method to remove the noise. 

A solid-state image pickup device according to the present 
invention includes : a pixel portion having unit pixels arranged 
two-dimentionally in a matrix form, the unit pixel including 
a photoelectrically transducing element for photoelectrically 
transducing incident light and stocking signal charge obtained 
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by the photoelectrically transducing element, a selection 
switch for selecting a pixel and a read-out switch for reading 
out the signal charge from the photoelectrically transducing 
element to a vertical signal line; plural amplifying means each 
of which is connected to each vertical signal line and converts 
the signal charge read out to the vertical signal line to an 
electrical signal; and plural reset means for resetting each 
of the vertical signal lines. 

Further, a driving method according to the present 
invention is characterized in that in the solid-state image 
pickup device thus constructed, the vertical signal line is 
first reset and then a pixel signal is read out from the 
photoelectrically transducing element to the vertical signal 
line to successively output the reset level and the signal level 
through the same route, and thereafter the difference between 
the reset level and the signal level is calculated. 

In each of the unit pixel of the solid-state image pickup 
device thus constructed, each unit pixel has a selection switch 
and a read-out switch, so that the pixel signal can be read out 
every pixel. Therefore, the vertical signal line is first reset, 
and then each pixel signal is read out to the vertical signal 
line, whereby the reset level and the signal level are obtained 
in this order pixel by pixel. Further, by calculating the 
difference between the reset level and the signal level, the 
noise component due to the dispersion of the pixel 
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characteristic can be cancelled. In addition, the reset level 
and the signal level are output through the same route, so that 
any stripe-shaped noise component having correlation in the 
vertical direction does not occur in principle 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit construction diagram showing a 
conventional solid-state image pickup device; 

Fig. 2 is a schematic diagram showing a first embodiment 
of a solid-state image pickup device according to the present 
invention; 

Fig. 3 is a timing chart showing the operation of the 
solid-state image pickup device according to the present 
invention; 

Fig. 4 is a potential diagram showing the operation of the 
solid-state image pickup device according to the first 
embodiment; 

Fig. 5 is a circuit diagram showing an example of the 
construction of a CDS circuit; 

Fig. 6 is a timing chart when a field read-out operation 
is carried out; 

Fig. 7 is a potential diagram showing the operation of a 
modification of the solid-state image pickup device according 
to the first embodiment; 

Fig. 8 is a schematic diagram showing a second embodiment 
of the solid-state image pickup device according to the present 
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invention; 

Fig. 9 is a timing chart showing the operation of the 
solid-state image pickup device according to the second 
embodiment ; 

Fig. 10 is a potential diagram (part 1) showing the 
operation of the solid-state image pickup device according to 
the second embodiment; 

Fig. 11 is a potential diagram (part 2) showing the 
operation of the solid-state image pickup device according to 
the second embodiment; 

Fig. 12 is a potential diagram (part 1) showing a 
modification of the solid-state image pickup device according 
to the second embodiment; 

Fig. 13 is a potential diagram (part 2) of the modification 
of the solid-state image pickup device according to the second 
embodiment; and 

Fig. 14 is a diagram showing a camera to which the 
solid-state image pickup device and the driving method thereof 
according to the present invention is applied. 

DETAILED DE S CRIPTI ON OF TH E P R E FE RRED EM B O DIME NTS 

Preferred embodiments according to the present invention 
will be described hereunder with reference to the accompanying 
drawings . 

Fig. 2 is a diagram showing the construction of a first 
embodiment of a solid-state image pickup device according to 
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the present invention. 

In Fig. 2, an area surrounded by a broken line corresponds 
to a unit pixel 11. The unit pixel 11 comprises a photodiode 
(PD) 12 serving as a photoelectrically transducing element for 
transducing an incident light signal to an electrical signal 
(signal charge) , a selection MOS transistor 13 serving as a 
selection switch for selecting a pixel (i.e, when it is turned 
on, the pixel containing the MOS transistor 13 concerned is 
selected), and a read-out MOS transistor 14 serving as a 
read-out switch for reading out the signal charge from the 
photodiode 12 (i.e, when it is turned on, the signal charge 
induced in the photodiode 12 is read out through the read-out 
MOS transistor 14). Plural unit pixels 11 having the above 
structure are arranged two-dimensionally in a matrix form. 

In each unit pixel 11, the photodiode 12 has a function 
of transducing incident light to signal charge (i.e, performing 
photoelectrically transducing operation) and accumulating the 
signal charge thus obtained, that is, it serves both as a 
photoelectric transducer and as a charge accumulator. The 
selection MOS transistor 13 and the read-out MOS transistor 14 
are connected to each other in series between the cathode 
electrode of the photodiode 12 and a vertical signal line 15. 
The gate electrode of the selection MOS transistor 13 is 
connected to a vertical selection line 16, and the gate 
electrode of the read-out MOS transistor 14 is connected to a 
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read-out pulse line 17. 

A column amplifier 19 serving as amplifying means for 
converting the signal charge read out to the vertical signal 
line 15 to a voltage signal, and a horizontal selection MOS 
transistor 20 for selectively outputting the output voltage of 
the column amplifier 19 to a horizontal signal line 18 are 
connected to each other in series between the end portion of 
the vertical signal line 15 and the horizontal signal line 18. 
The column amplifier 19 may be designed so as to convert signal 
charge to signal current. A capacitor 21 and a reset MOS 
transistor 22 serving as reset means for resetting the vertical 
signal line 15 are connected in parallel to the column amplifier 
19. 

Further, a vertical scan circuit 23 for line selection and 
a horizontal scan circuit 24 for column selection are provided. 
Each of these scan circuits 23, 24 comprises a shift register, 
for example. A vertical scan pulse <|>Vm output from the vertical 
scan circuit 23 is applied to the vertical selection line 16, 
a read-out pulse <|)Cn output from the horizontal scan circuit 
24 is applied to the read-out pulse line 17, a horizontal scan 
pulse <|>Hn is applied to the gate electrode of the horizontal 
selection MOS transistor 20, and a reset pulse (j)Rn is applied 
to the gate electrode of the reset MOS transistor 22. 

For example, a correlated double sampling circuit 
(hereinafter referred to as "CDS circuit") 26 is provided as 
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a differential circuit through a horizontal output amplifier 

25 at the output terminal side of the horizontal signal line 
18, The CDS circuit 26 is provided to calculate the difference 
between the reset level and the signal level which are 
successively supplied through the horizontal signal line 18 
from each of the unit pixels 11, and it has an advantage that 
the circuit construction thereof is simple as the differential 
circuit. The specific circuit construction of the CDS circuit 

26 will be described in detail later. 

Next, the operation of the solid-state image pickup device 
according to the first embodiment of the present invention will 
be described with reference to a potential diagram of Fig. 4 
by using a timing chart of Fig. 3. As is apparent from Fig. 
4, the photodiode 12 is designed in a HAD (hole accumulation 
diode) sensor structure in which a hole accumulation structure 
of a p + layer is added to the surface side of an np diode. 
Further, each gage electrode 13a, 14a of the selection MOS 
transistor 13 and the read-out MOS transistor 14 has a double 
gate structure comprising a one-layer gate electrode. Use of 
the double gate structure provides an advantage that the area 
can be reduced. 

First, during a time period a when the vertical scan pulse 
<|>Vm of m-th line is in "L" level, the signal charge is 
accumulated into the photodiode 12 in each pixel 11 of m-th line 
while the signal charge is read out from each pixel of another 
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line . 

Next, when the vertical scan pulse (j)Vm is shifted to "R" 
level, the selection MOS transistor 13 of the unit pixel 11 of 
the m-th line' is turned on, and the signal charge accumulated 
in the photodiode 12 flows into the selection MOS transistor 
13, In this state, when the reset pulse <|>Rn is set to "H" level, 
the reset MOS transistor 22 is turned on, and the vertical 
signal line 15 of n-th column is reset to the reference 
potential Vb of the column amplifier 19. The reset pulse <j>Rn 
is shifted to "L" level, and then the horizontal scan pulse <|>Hn 
is set to >X H" level, whereby the horizontal selection MOS 
transistor 20 is turned on and the noise component is first 
output to the horizontal signal line 18 (period b) . 

Subsequently, when the read-out pulse <|)Cn of the n-th 
column is shifted to "H" level, the read-out MOS transistor 14 
of the unit pixel 11 of the n-th column is turned on, and the 
signal charge accumulated in the photodiode 12 is read out to 
the vertical signal line 15 of the n-th column through the 
selection MOS transistor 13 and the read-out MOS transistor 14 
(period c) . 

Subsequently, by the feedback from the column amplifier 
19 connected to the vertical signal line 15, the vertical signal 
line 15 is set to the reference potential Vb of the column 
amplifier 19, and the charge corresponding to the signal is read 
out to the capacitor 21 (period d) . In a period e until the 
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horizontal scan pulse (f)Hn is shifted to "L" level by the shift 
of the read-out pulse <|>Cn to "L" level, the signal component 
is output to the horizontal signal line 18. At the same time, 
the next charge accumulation is started in the photodiode 12. 

Through a series of operations as described above, the 
successive outputs of the noise component (noise level) and the 
signal component (signal level) are transferred onto the 
horizontal signal line 18 through the same route (the column 
amplifier 19, the horizontal selection MOS transistor 29, etc.). 
This is further transferred through the horizontal output 
amplifier 25 to the CDS circuit 26, and noise cancel is 
performed by the correlated double sampling. 

Fig. 5 shows a specific circuit construction of the CDS 
circuit 26. The CDS circuit 26 comprises a clamp capacitor 33 
connected to an input terminal 31 at one end thereof, a clamp 
MOS transistor 34 whose one main electrode is connected to the 
other end of the clamp capacitor 33, a sample hold MOS 
transistor 35 whose one main electrode is connected to the other 
end of the clamp capacitor 33, a sample hold capacitor 36 which 
is connected across the other main electrode of the sample hold 
MOS transistor 35 and the ground, and a buffer amplifier 37 
which is connected across the other main electrode of the sample 
hold MOS transistor 35 and an output terminal 38. 

In the CDS circuit 26, a clamp voltage Vcl is applied to 
the other main electrode of the clamp MOS transistor 34, and 
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a clamp pulse c(>CL is applied to the gate electrode thereof. 
Further, a sample hold pulse <|)SH is applied to the gate 
electrode of the sample hold MOS transistor 35. 

The CDS circuit 26 thus constructed is used as the 
differential circuit, and the correlated double sampling is 
performed by using the noise component and the signal component 
which are successively supplied, whereby the noise component 
contained in the signal component can be cancelled. 
Particularly, the reset and the signal are output through the 
same route to the horizontal signal line 18 in this order, and 
the successive outputs of the noise component and the signal 
component are obtained. Therefore, not only the Vth dispersion 
of the MOS transistor of the unit pixel 11, but also the reset 
noise (so-called kTC noise) causing the stripe-shaped fixed 
pattern noise can be suppressed. 

As a modification of this embodiment, as is apparent from 
the timing chart of Fig. 3, the read-out pulse <|)Cn of n-th column 
and the reset pulse <j)Rn+l of (n+l)-th column can be commonly 
used. Further, the same operation as described above can be 
also obtained at a timing at which the horizontal scan pulse 
(|>Hn of n-th column and the reset pulse (j)Rn+l of (n+l)-th column 
are commonly used. 

In the circuit performance, the same operation could be 
performed if the arrangement of the selection MOS transistor 
13 and the read-out MOS transistor 14 is inverted. However, 
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if the read-out MOS transistor 14 which repetitively turns 
on/off once every 1H (1 horizontal period) is disposed at the 
photodiode 12 side carrying out the charge accumulation, it 
causes occurrence of dark current. Accordingly, it is more 
preferable that the selection MOS transistor 13 is disposed at 
the side of the photodiode 12 as shown in Fig. 2 because the 
occurrence of the dark current can be suppressed. 

Further, as shown in the timing chart of Fig. 6, the signal 
charges of two pixels in the vertical direction are added to 
each other on the vertical signal line 15 in the signal charge 
reading operation by driving the neighboring vertical 
selection lines two by two at the same time, and thus the field 
reading operation supporting the interlace can be implemented. 
Specifically, the vertical scan pulses <|>V are simultaneously 
generated in combination of <j>Vm-2 and (j)Vm-l, <t>Vm and 4>Vm+l, 
4>Vm+2 and <f>Vm+3, ... in the odd fields, and in combination of 
<t>Vm-l and (|>Vm, (j>Vm+l and 4>Vm+2, ... in the even field. 

In the above embodiment, each gate electrode 13a, 14a of 
the selection MOS transistor 13 and the read-out MOS transistor 
14 has a one-layer gate structure, and thus this embodiment is 
simple in process and has a smaller number of steps, so that 
there is an advantage that the price is low. 

Conversely, as is apparent from Fig. 4, an n + diffusion 
region is provided between the gate electrodes 13a, 14a, and 
thus there is a risk that at the shift timing from the period 
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d to the period e, the noise component due to the dispersion 
of field through occurring in the gate electrode 14a of the 
read-out MOS transistor 14 remains. Further, there is also a 
risk that overflow charges occurring in pixels of a line which 
is not selected invade between the selection MOS transistor 13 
and the read-out MOS transistor 14, so that smear occurs. 

Therefore, in the solid-state image pickup device 
according to the modification of the first embodiment shown in 
the potential diagram of Fig. 7, each of the gate electrodes 
13a, 14a of the selection MOS transistor 13 and the read-out 
MOS transistor 14 is designed in a double gate structure 
comprising a two-layer gate electrode, and the neighboring 
portions are overlapped with each other. In the same figure, 
the period a to the period e represent the potential state of 
the period a to the period e in the timing chart of Fig. 3, and 
the basic operation is the same as Fig. 4. 

As described above, the neighboring portions of the gate 
electrodes 13a, 14a of the selection MOS transistor 13 and the 
read-out MOS transistor 14 are overlapped with each other, 
whereby the n + diffusion region shown in Fig. 4 does not occur 
between the gate electrodes 13a, 14a, so that the noise 
component due to the dispersion of the field through occurring 
in the gate electrode 14a of the read-out MOS transistor 14 at 
the shift timing from the period d to the period e can be also 
completely transferred . 
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Accordingly, any noise due to the gate electrode 14a of 
the read-out MOS transistor 14 does not occur. Further, the 
overflow charge from the photodiode 12 is directly supplied to 
the n + diffusion region connected to the vertical signal line 
15, so that the smear can be suppressed to only the charges 
occurring within the one pixel read-out time by resetting the 
vertical signal line 15 just before the signal charge (pixel 
signal) is read out. 

Fig. 8 is a schematic diagram showing a second embodiment 
of the solid-state image pickup device according to the present 
invention. In Fig. 8, an area surrounded by a broken line 
represents a unit pixel 51. As in the case of the first 
embodiment, the unit pixel 51 includes a photodiode (PD) 52 
serving as a photoelectrically transducing element, a 
selection MOS transistor 53 serving as a selection switch for 
selecting a pixel, and a read-out MOS transistor 54 serving as 
a read-out switch for reading signal charge from the photodiode 
52, and they are two-dimensionally arranged in a matrix form. 

In the unit pixel 51, the read-out MOS transistor 54 is 
connected across the cathode electrode of the photodiode 52 and 
the vertical signal line 55. Further, the selection MOS 
transistor 53 is connected across the gate electrode of the 
read-out MOS transistor 54 and the read-out pulse line 57. For 
example, a depression type is used for the selection MOS 
transistor 53. The gate electrode of the selection MOS 
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transistor 53 is connected to the vertical selection line 56. 

A column amplifier 59 for converting the signal charge 
read out to the vertical signal line 55 to a voltage signal and 
a horizontal selection MOS transistor 60 for selectively 
outputting the output voltage of the column amplifier 59 to the 
horizontal signal line 58 are connected to each other in series 
between the vertical signal line 55 and the horizontal signal 
line 58. A capacitor 61 and a reset MOS transistor 62 for 
resetting the vertical signal line 55 are connected in parallel 
to the column amplifier 59. 

Further, a vertical scan circuit 63 for line selection and 
a horizontal scan circuit 64 for column selection are provided. 
Each of these scan circuits 63 and 64 comprises a shift register, 
for example. The vertical scan pulse <()m output from the 
vertical scan circuit 63 is applied to the vertical selection 
line 56, the read-out pulse (J>Cn output from the horizontal scan 
circuit 64 is applied to the read-out pulse line 57, a 
horizontal scan pulse (j)Hn is applied to the gate electrode of 
the horizontal selection MOS transistor 60, and a reset pulse 
<|)Rn is applied to the gate electrode of the reset MOS transistor 
62. A CDS circuit 66 having the circuit construction shown in 
Fig. 5 is provided as a differential circuit through a 
horizontal output amplifier 65. 

Next, the operation of the solid-state image pickup device 
according to the second embodiment thus constructed will be 
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described with reference to the potential diagrams of Figs. 10 
and 11 by using the timing chart of Fig, 9. 

As is apparent from Figs, 10 and 11, the photodiode 52 has 
an HAD sensor construction in which a hole accumulation 
structure formed of a p + layer is added to the surface side of 
an np diode. 

First, during the period a when the vertical scan pulse 
<J)Vm of m-th line is in "L" level, the signal charge is 
accumulated in the photodiode 52 of each of the pixels 51 of 
m-th line while the signal charge is read out from the pixels 
of the other lines. 

Subsequently, when the vertical scan pulse (|>Vm is shifted 
to "H" level, the selection MOS transistor 53 of the unit pixel 
51 of m-th line is turned on. When the reset pulse 4>Rn is set 
to "H" level in this state, the reset MOS transistor 62 is turned 
on, and the vertical signal line 55 of n-th column is reset to 
the reference potential Vb of the column amplifier 69. 
Thereafter, when the reset pulse (f>Rn is shifted to "L" level 
and at the same time the horizontal scan pulse <j)Hn is set to 
X 'H" level, the horizontal selection MOS transistor 60 is turned 
on, and the noise component is first output to the horizontal 
signal line 58 (period b) . 

Subsequently, when the read-out pulse <|>Cn of n-th column 
is shifted to ^H" level, the read-out pulse <(>Cn is applied to 
the gate electrode of the read-out MOS transistor 54 through 
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the selection MOS transistor 53 which has been in ON state, 
whereby the signal charge accumulated in the photodiode 52 is 
read out through the read-out MOS transistor 54 to the vertical 
signal line 55 of n-th column (period c) . 

Subsequently, by the feedback from the column amplifier 
59 connected to the vertical signal line 55, the vertical signal 
line 55 is set to the reference potential Vb of the column 
amplifier 59, and the charge corresponding to the signal is read 
out to the capacitor 61 (period d) . Thereafter, when the 
read-out pulse (|>Cn is shifted to "L" level, the signal component 
is output to the horizontal signal line 58 in the period e until 
the horizontal scan pulse <|)Hn is shifted to "L" level. At the 
same time, the next charge accumulation is started in the 
photodiode 62. 

Through a series of operations as described above, as in 
the case of the first embodiment, the successive output of the 
noise component (noise level) and the signal component (signal 
level) is obtained on the horizontal signal line 58, and it is 
further transferred to the CDS circuit 66 through the 
horizontal output amplifier 65 in which the noise cancel is 
performed by the correlated double sampling. 

Particularly in this embodiment, the read-out pulse <j)Cn 
is supplied to the gate electrode of the read-out MOS transistor 
54 through the source/drain of the selection MOS transistor, 
so that occurrence of kTC noise of the selection MOS transistor 
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53 and the read-out MOS transistor 54 can be suppressed. In 
this case, each of the gate electrodes of the selection MOS 
transistor 53 and the read-out MOS transistor 54 can be 
constructed by one-layer gate electrode. Therefore, there are 
obtained advantages that the process is simple, the number of 
steps is small and the price is low. 

Further, the depression type MOS transistor is used as the 
selection MOS transistor 53, and thus the following advantages 
can be obtained. 

(1) 0 V is applied to the gate electrode of the read- 
out MOS transistor 54 at the timing of the period a of Fig. 10 
once every 1H. On the other hand, in the case where a normal 
enhancement type MOS transistor is used, the selection MOS 
transistor 53 is turned off as shown in the period a of Fig. 
12, and thus 0 V is not applied to the gate electrode of the 
read-out MOS transistor 54. Accordingly, the potential of the 
read-out MOS transistor 54 must be held for one field period. 
However, when an inverse bias leak current or light leakage is 
great, the potential of the gate cannot be held, and it is varied 
during the period of one field. 

(2) By matching the potential of the read-out MOS 
transistor 54, a plus potential is applied to the gate electrode 
of the read-out MOS transistor 54 at the timing of the period 
f of Fig. 11 by using the depression type for the selection MOS 
transistor 53 although the read-out MOS transistor 54 is an 
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enhancement type, and the overflow operation can be performed. 
As a result, blooming can be suppressed. 

In this embodiment, the depression type MOS transistor is 
used as the selection MOS transistor 53, however, it is not 
limited to the depression type* Even when the enhancement type 
is used, the effect inherent to the embodiment described above 
can be obtained although the effect inherent to the depression 
type as described above cannot be obtained. 

Figs. 12 and 13 are potential diagrams when an enhancement 
type MOS transistor is used as the selection MOS transistor 53. 

In the case of the solid-state image pickup device of the 
second embodiment, the field read-out operation supporting the 
interlace can be implemented by simultaneously driving the 
neighboring vertical selection signals two by two as shown in 
the timing chart of Fig. 6 as in the case of the solid-state 
image pickup device according to the first embodiment. 

Fig. 14 is a diagram showing a camera to which the 
solid-state image pickup device and the driving method thereof 
as described above are applied. In Fig. 14, incident light from 
a subject is focused onto the image pickup face of the 
solid-state image pickup device 71 by an optical system 
containing a lens 70. One of the solid-state image pickup 
devices as described above may be used as the solid-state image 
pickup device 71. The solid-state image pickup device 71 is 
driven according to the above-described driving method by a 
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driving system 72 containing a timing generator. The output 
signal of the solid-state image pickup device is subjected to 
various signal processing by a signal processor 73 to obtain 
video signals. 

As described above, according to the present invention, 
in the solid-state image pickup device in which the column 
amplifier is connected to each vertical signal line, the signal 
of each pixel can be read out on a pixel basis, the vertical 
signal line is first reset and then a pixel signal is read out 
to the vertical signal line from the photoelectrically 
transducing element to thereby successively output the reset 
level and then the signal level to the same route, and 
thereafter the difference between the reset level and the 
signal level is calculated. Therefore, the fixed pattern noise 
due to the characteristic dispersion of each unit pixel and the 
stripe-shaped fixed pattern noise having correlation in the 
vertical direction can be suppressed in the device, so that it 
can contribute to reduction of the scale of the camera system 
in the above-described camera using the solid-state image 
pickup device as an image pickup device. 
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W HAT I S C LAIMED I S 

1. A solid-state image pickup device, including: 

a pixel portion having unit pixels arranged two- 
dimentionally in a matrix form, each of said unit pixels 
including a photoelectrically transducing element for 
photoelectrically transducing incident light to obtain signal 
charge, and stocking the signal charge thus obtained, a 
selection switch for selecting a pixel and a read-out switch 
for reading out the signal charge from said photoelectrically 
transducing element to a vertical signal line; 

plural amplifying means which are connected to said 
respective vertical signal lines and convert the signal charge 
read out to the vertical signal lines to an electrical signal; 
and 

plural reset means for resetting each of said vertical 
signal lines. 

2. The solid-state image pickup device as claimed in 
claim 1, wherein said photoelectrically transducing element 
comprises a photodiode having a HAD sensor structure. 

3. The solid-state image pickup device as claimed in 
claim 1, wherein each of said reset means resets the vertical 
signal line in synchronism with a read-out timing before one 
pixel or a horizontal scan timing. 

4. The solid-state image pickup device as claimed in 
claim 1, wherein each of said reset means resets the vertical 



- 21 - 



signal line just before the signal charge is read out from said 
photoelectrically transducing element. 

5. The solid-state image pickup device as claimed in 
claim 1, wherein said selection switch and said read-out switch 
are connected to each other in series between said 
photoelectrically transducing element and said vertical signal 
line . 

6. The solid-state image pickup device as claimed in 
claim 5, wherein said selection switch is disposed at said 
photoelectrically transducing element side. 

7. The solid-state image pickup device as claimed in 
claim 5, wherein each of said selection switch and said read-out 
switch comprises an MOS transistor having a double gate 
structure . 

8. The solid-state image pickup device as claimed in 
claim If wherein each gate electrode of said selection switch 
and said read-out switch comprises a two-layer gate electrode, 
and neighboring portions are overlapped with each other. 

9. The solid-state image pickup device as claimed in 
claim 1, wherein said read-out switch is connected between said 
photoelectrically transducing element and said vertical signal 
line, and said selection switch is connected between a control 
electrode of said read-out switch and a read-out pulse line. 

10. The solid-state image pickup device as claimed in 
claim 9, wherein said selection switch comprises a depression 
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type MOS transistor. 

11. The solid-state image pickup device as claimed in 
claim 1, wherein a horizontal selection switch for commonly 
outputting a reset level on said vertical signal line at a reset 
time of said reset means and a signal level read out onto said 
vertical signal line after the reset is provided between said 
vertical signal line and said horizontal signal line. 

12. The solid-state image pickup device as claimed in 
claim 11, further including a differential circuit for 
calculating the difference between the reset level 
successively output by said horizontal selection switch and the 
signal level. 

13. The solid-state image pickup device as claimed in 
claim 12, wherein said differential circuit comprises a 
correlation double sampling circuit. 

14 . A method of driving a solid-state image pickup device, 
characterized in that in a solid-state image pickup device 
including: a pixel portion having unit pixels arranged two- 
dimentionally in a matrix form, said unit pixel including a 
photoelectrically transducing element for photoelectrically 
transducing incident light to obtain signal charge and stocking 
the signal charge thus obtained, a selection switch for 
selecting a pixel and a read-out switch for reading out the 
signal charge from said photoelectrically transducing element 
to a vertical signal line; plural amplifying means which are 
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connected to said respective vertical signal lines and convert 
the signal charge read out to the vertical signal lines to an 
electrical signal; the vertical signal line is first reset and 
then a pixel signal is read out from said photoelectrically 
transducing element to the vertical signal line to successively 
output the reset level and the signal level in this order 
through the same route, and thereafter the difference between 
the reset level and the signal level is calculated. 

15. The solid-state image pickup device driving method 
as claimed in claim 14, wherein neighboring vertical selection 
lines are simultaneously driven two by two in turn, and signal 
charges of two pixels in the vertical direction are mixed with 
each other on the vertical signal line. 

16. A camera including: 

an optical system for focusing incident light from a 
subject onto a solid-state image pickup device; 

a driving system for driving said solid-state image pickup 
device; and 

a signal processing system for processing an output signal 
of said solid-state image pickup device, wherein said 
solid-state image pickup device, includes a pixel portion 
having unit pixels arranged two-dimentionally in a matrix form, 
each of said unit pixels including a photoelectrically 
transducing element for photoelectrically transducing 
incident light to obtain signal charge, and stocking the signal 
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charge thus obtained, a selection switch for selecting a pixel 
and a read-out switch for reading out the signal charge from 
said photoelectrically transducing element to a vertical 
signal line, and plural amplifying means which are connected 
to said respective vertical signal lines and convert the signal 
charge read out to the vertical signal lines to an electrical 
signal, and wherein said driving system drives said solid-state 
image pickup device so that the vertical signal line is first 
reset and then a pixel signal is read out from said 
photoelectrically transducing element to the vertical signal 
line to successively output the reset level and the signal level 
in this order through the same route, and thereafter calculates 
the difference between the reset level and the signal level. 

17. The camera as claimed in claim 16, wherein 
neighboring vertical selection lines of said solid-state image 
pickup device are simultaneously driven two by two in turn, and 
signal charges of two pixels in the vertical direction are mixed 
with each other on the vertical signal line to perform an 
interlace-supporting feedback read-out operation* 
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A BS TRA CT O F THE DISCLOSURE 
According to a solid-state image pickup device and a 
driving method thereof in which unit pixels each comprising a 
photodiode, a selection MOS transistor and a read-out MOS 
transistor are two-dimensionally disposed in a matrix form, and 
each vertical signal line is connected to a column amplifier, 
the vertical signal line is first reset by a reset MOS 
transistor, and then a pixel signal is read out from the 
photodiode to the vertical signal line to successively output 
the reset level and the signal level to a horizontal signal line 
through the same route (the column amplifier, the horizontal 
selection MOS transistor, etc.), and then the difference 
between the reset level and the signal level is calculated by 
a CDS circuit ♦ 
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